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RESEARCH' REVIEWS - SCIENCE

Research Reviews are being issued to analyze and synthesize research
related to the teaching and learning of science completed during a two-year
period of time. These reviews are organized into three publications for
each two-year cycle according to school levels--elementary school science,
secondary <chool science, and college science.

The publications are developed in cooperation with the National Associ-
ation for Research in Science Teaching. Appointed NARST committees work with
staff of the ERIC Center for Science Education to evaluate, review, analyze,
and report research results. It is hoped that these reviews will provide
research information for development personnel, ideas for future research,
and an indication of trends in research in science education.

Your comments and suggestions for this series are invited.

Robert W. Howe
and
Stanley L. Helgeson
Editors
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SCIENCE EDUCATION INFORMATION REPORTS

The Science Education Information Reports are being developed to
disseminate information concerning cdocuments analyzed at the ERIC Center
for Science Education. The Reports iiclude five types of publications.

General Bibliographies are being issued to announce most documents processed

by the Center for Science Education. These bibliographies are categorized
by topics and indicate the availability of the document and the major ideas

included in the document. Special Bibliographies are being developed to

announce availability of documents in selected interest areas. These bib-
liographies will list most significant documents that have been published

in the interest area. Guides to Resource Literature for Science Teachers

are bibliographies that identify references for the professional growth of
teachers at all levels of science and mathematics teaching. This series

will include six separate publications. Occasional Papers will be issued
periodically to indicate implications of research for science and mathematics

teaching. Research Reviews will be issued to analyze and synthesize research

related to science and mathematics education over a period of several years.

The Science Education Information Reports will be announced in the

SEIAC Newsletter as they become available.




INTRODUCTION

The rate at which studies of problems concerning the teaching of
science in the elementary grades are reported is increasing rapidly. One
hundred twenty studies were reporteda during the period of 1965 through 1967.
As the volume of reports increases so does the problem of classifying them
for the purposes of analysis. Mdny investigations were concernad with topics
that could easily fit into several categories. In the development of this
analysis several arbitrary decisions were made ac to the classification of a
report so that it would appear in a context with others of similar concern.

The studies reported here are concerned with instructional procedures,
teacher education, equipment and facilities, the curriculum, status of science
programs, evaluation, and learning. These categories are based on topics used
in the General Bibliography Series published by the ERIC Information Analysis
Center for Science Education, Columbus, Ohio and tha nine fields for investi-

gation defined by the National Association for Research in Science Teaching.l

lResearch in the Teaching of Science, U.S. Office of Education Bulletin,
0E-29000-61, 1965, No. 10.
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STUDIES RELATED 10 LNSTRUCTIONAL PROCEDURES

Thirty-five studics were assigned to this category. These represented
over 257. of all the studies analyzed. Most common werce investigations of the
relative merits of two or more tcaching methods. Secveral studies werc made
of various methods for guiding the lecarning of pupils by means of lessons
structured in a particular way or by programmed teaching materials.

Skinner (99) investigated the relationship between problem solving and
expository teaching in televised geology lessons used with fifth grade pupils
who followed up the televised lessons by engaging in either inquiry lessons
or "typical discussions.!" Thirty-five classes with a total of 388 pupils
participated in the study. Each school was assigned at random to one of the
four t.eatment groups. The treatments consisted of the four combinations of
two types of television oresentations and two types of teacher directed follow-
up discussions.

The televised problem solving lesson contained many unanswered questions
and little direct explanation. The televised expository lessons presented
the same subject matter largely by means of direct explanatioms. Pupils in
the inquiry sessions asked 'yes" or 'mo'' questions of their teachers to gain
information helpful in forming hypotheses. Pupils in the "typical discussion'
sessions engaged in the normal pupil-teacher interaction that would ordinarily
take place after showing a £ilm.

The evidence indicated that pupils who viewed 'unanswered questions'' on
television, regardless of the type uf teacher follow-up, achieved significantly
better than pupils who viewed "explanation' on television.

De Roche (29) investigated the relative effectiveness of 'creative"
exercises and "traditional' exercises in the teaching of a six week unit on
space science in the sixth grade. Nine classes were taught with "brain storm-
ing" sessions and other lessons stressing creative thinking, while nine classes
received no instruction in space science, but engaged in the testing program
only. Among the findings were the following: (1) There was a significant
relationship between intelligence and creative thinking and between intelligence
and achievement. (2) High ability pupils who experienced the creative lessons
were superior to other high ability pupils in terms of fluency, flexibility,
originality and elaboration. (3) Average ability pupils who experienced the
creative lessons were superior to other average ability pupils in terms of
fluency, originality and elaboration. (4) Low ability pupils who experienced
the creative lessons were superior t.o other low ability pupils in terms of
elaboration. (5) There was no significant difference in achievement between
the creative and traditional groups. (6) In the three groups there was a
significant difference between males and females in space science achievement
favoring the males.




Zzicgler (119) investigated the relative effectiveness of the use of
static and dynamic theoretical mechanical models in teaching elementary
school children to use the particle idea of matter in explaining certain
physical phenomena. The procedure consisted of personal interview, testing,
teaching, and retesting a random sample of all the chiidren in grades 2-6 in
Janesville, Wisconsin.

The effects of instruction utilizing no treatment, the static model,
and the dynamic model were measured directly; the pupils observed the eight
demonstrations and then gave their explanations of the observed phenomena.
When the data were analyzed it was found that (1) the scores ecarned by groups
of pupils who tended to use models were significantly higher than those earned
by the nonmodeler group when both received the same treatment, and (2) there
were no significant differences in achievement between grade levels and no
significant intcraction effects.

Salstrom (91) analyzed the use of two types of sixth-grade guided dis-
covery lessons for developing conceptual understanding: (1) a lesson in
which pupils, working independently, choose from printed batteries of prepared
hypothesis-questions, randomly arranged, or (2) a lesson in which all the
hypothesis-questions are conceived and asked orally by the pupils and answered
chiefly with "yes'" or 'no'" by the teacher. The experimental lessons were
presented as science games. Analyses indicated treatment one produced signifi-
cantly greater conceptualization gains than did treatment two.

Gleason (44) compared the effects of pupil self instruction methods with
the effects of teacher led classes in science with fifth grade pupils.
Printed materials were used to instruct pupils working individually in the use
of simple apparatus to solve problems. The approach was inductive and required
pupils to generalize from observed phenomena. Four self-directed studies were
tried with 128 pupils in six classes. The control group consisted of 132
pupils in seven classes. The study showed no advantage for self study over
traditional methods as far as the learning of facts, general science knowledge,
liking for science, and the ability to generalize were concerned. There were
indications that pupils achieved in these areas as well by one method as by
another.

Hedges and MacDougall (51) investigated the effects of programmed in-
struction in fourth grade science over ‘a three year period. After the first
vear they found that children working independently with programmed materials
achieved as well as children in traditionally taught classes. In a later phase
of the study the relative effectiveness of threce methods of instruction was
investigated. Nineteen fourth grade classes were involved during the semester
long study. One group studied science by means of programmed materials with
each child doing the experiments. A second group used the programmed materials,
but each child simply read about the experiment. A third group studied the
same subject matter written in a traditional textbook form with brief assign-
ments by the teacher and teacher demonstration of the experiment. Among their
findings were the following: (1) Children who are allowed to actively partici-
pate in performing laboratory experiments have a greater proficiency than others
in the solution of sample problems. (2) There were no significant differences
between these methods in their effect on interest, science achievement, or

4
i




retention of subject matter by the pupils. (3) The two groups having direct
contact with experimentation reported the highest degree of liking for science.
(4) buring the semester of instruction the textbook group with students doing
the experiments shifted to a slightly less positive liking for science while
the programmed group that only read about the experiments shifted to distinct »
dislike. ]

An additional study compared threc methods of programmed instruction.
These were (1) constructed response compared to multiple choice, (2) all
ansvers compared to partial feedback, and (3) branching compared to linear
programming. All students werc allowed to perform their own experiments since
the importance of this factor to student interest in science already had been
demonstrated. No superiority was found in mean achievement interest and
attitude measures among the structure, method, and frequency variables. The
cxperimenters were not successful in identifying '"the incentive in programmed
instruction that supposedly makes response-confirmation an act of reinforce-
ment.'" The investigators found no significant differences between the use of
multiple choice answers and constructed responses. Further investigation was 4
suggested to determine what topics and learning tasks are more appropriate ;
for each method of response. Tinally, no significant difference was found &
between linear structuring and branching; the investigators tend to attribute \
this as much to the content or writing as to the method of presentation.

The effectiveness of two methods, recitation-demonstration and project-
research, were compared by Drenchko (31) for teaching elementary school science.
Comparisons were made regarding (1) the knowledge of che subject matter acquired
by the student, (2) the ability of the student to understand and apply concepts
and generalizations of the subject, and /3) the work study skills developed
by the student. The sample was comprised of fourth grade students in classes
selected randomly from four schools in the Hillsborough Township Public Schools.
One class in each school was taught by recitation-demonstration methods, one by
project-research methods without individual projects, and one by project-research
methods with individual projects. The recitation-demonstration group was taught
by regular assignments, question and answer recitations, and demonstrations
performed predominantly by students. The project-research group covered the
same topics, but they were given a general problem to solve. The latter group
was also given inquiry training such as the "yes-no" response technique. The
groups were pretested and posttested using investigator constructed unit achieve-
ment tests and the STEP science tosts. It was concluded that (1) in terms of
growth in subject matter knowledge the projec c-research method without individual i
projects appears to be superior to the project-research method with projects and
also superior to the recitation-demonstration method; (2) most students of this
age group are not prepared to handle individual projects of the type used in
this study; and (3) there were no significant differences between methods and
students' growth in problem solving ability and work study skills. More students
in the project-research groups had greater interest in science at the end of the
study.

Other studies of instructional methods were conducted by Baum (3), Bennett (4),
Bennett and Clodfelte» (5), Breddeman (10), Brudzynski (13), Coulter (23), Crabtrea
(?4), Decker (27), Fryback (39), Gehrman (40), Gerne (41), Glaser (42), Glaser and
others (43), Haugerud (50), Jarvis (57), lLansdown and Dietz (65), 0'Toole (78),




Quilling and Others (85), Raun (87), Reese (88), Sands and Hicklin (92), Sands
and Others (93), Smith (100), Smith and Cooper (101), Tating {107), Taylor (108),
Voelker (114), and Zeitler (120).

STUDIES RELATED TO TEACHER FDUCATION

Twenty-six stndies were concerned with the characteristics and preparation
of teachers of elementary school science. Cheney (21), Hines (55), Lcake (66),
and Soy (104) investigated attitudes of teachers toward science instruction.
Tn his study of the committment of prospective teachers to science teaching
Cheney (21) found that students completing a laboratory-oriented pre-service
scicnce methods course (an elective) had a tendency to "deplore their weakness
in science." However, this was not matched by efforts to remove deficiencies.
Students lacked interest in becoming science teaching cpeclalists. They re-
sisted instructions to emphasize non-expository teaching and pupil involvement,
and instead tended to stress the giving of explanations even when this involved
the teaching of misconceptions. These prospective teachers expected science
to be a favorite subject of many children.

Teachers' understanding of the subject matter of science was the subject
investigated by Beringer (6), Caruthers (19), Eaton (33), Eccles (34), Hardin
(48), Lane (64), Raina (86), and Useltom (112). Their general findings were
that for the most part elementary teachers are inadequately prepared to teach
science. Lane (64) devised a paper and pencil instrument to measure the
competence of teachers in the processes of science as the term i3 used in the
AMAS program, Science - A Process Approach. He administered this test to onme
hundred teachers representing two counties in Florida and on the basis of the
results clas. .fied 7% of the teachers as highly competent, 807% as having average
competence and 13% as of low competence.

Kaina (86) tested the general science knowledge held by a sample of 160
student teachers in two teacher training irnstitutions in India. He found that
they, did not compare favorably with VIII Class secondary school children who
comprised’' the norms for the instrument.

Eaton (33) studied the development of science concentrations for prospective
tecachers at the University of Texas and among his findings was the fact that 677
of the student teachers he examined reported that the science topic they would
1ike to teach was one in which they had received no related instruction at the
university level. He found that prospective teachers lacked insight into the
relationship between the science studied at the university and teaching in the
elementary school classroom. He concluded, "If teachers are to perceive the
relationship between content and instruction it would appear that effort will
have to be made to assist the undergraduate in building this connection."

Various practices in the preparation of teachers were described and
evaluated by Banks (2), Hiack (54), Kellogg (60), Moorehead (74), Thomas (110),
Weichinger (115), and Weigand (116). Iliack (54) developed a series of fifteen
laboratory expcriments for use in a one scmester physical science course for
prospective teachers. The experiments were designed to emphasize the use of
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the processes of science as interpreted by the AAAS in Science - A Process
Approach.

The effectiveness of in-service programs for teachers was studied by
several persons. Wilson (117) investigated the benefits of a program which
provided instruction in the '"inquiry-discovery approach" as employed in the
Science Curriculum Improvement Study. He found that teachers could be taught
to increase in their teaching the number of "essential science experiments'
and the number of questions that required analytical thinking.

Hoffart (56) described the role that some high school teachers can play
in disseminating '"'new" elementary science curriculums afcer having been ex-
posed to them in in-service programs. He also reported a study producing
inconclusive results in which sixteen high school physics students taught FSS
units in the elementary grades over a period of three weeks.

The effect of videotaped elementary school science classroom demonstra-
tions on science teaching performance of pre-service teachers was studied by
Kriebs (63). 0On the basis of her investigation she recommends increased use
of videotaped classroom episodes showing children using scientific methods
for teacher training.

Other evaluations of in-service programs were made by Brittain (11),
Coffey (22), McBride (72), and Rowe (89).

STUDIES RELATED TO EQUIPMENT AND MATERIALS

A number of useful items were produced or evaluated. Croasdale (25)
developed a sourcebook for the elementary science program of the Science
Manpower Project at Columbia University entitled, Machine, Materials, and
Energy. Brown (12) produced a dictionary for the science vocabulary used in
the upper eclementary grades. Novak (77) developed an audiotape program of in-
struction for elementary science.

Reading materials were considered by several persons. Shadoin (98) devel-
oped a procedure by which selected technical data can be adapted for use as
science enrichment in the elementary school. In a like manner Bradley and
Larp (9) reported how an article fyom Scientific American could be translated
into the language of elementary schomi children. Newport (76) and Ottley (79)
both compared evaluated text book series in terms of criteria which they de-
veloped.

The problems involved in planning science facilities were studied by
Heldman (52). He surveyed the existing facilities in twenty schools in the
New York metropolitan region and then developed recommendations concerning
the need for a full time science room in all schools, improved storage facil-
ities, outdoor facilities, and more adequate financing of science programs.
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STUDIES RELATED TO THE CURRICULUM

The problems of selecting and organizing the subject matter to be taught
in science programs were considered by fourteen persons. 1Yloyd (38) tested
f1fth, sixth and seventh grade pupils in 21 schools in central Illinois and
found that '"'pupils knew a considerable amount of content of seventh grade
science textbooks prior to instruction.' ’

Boener (8) evaluated the grade placement of science concepts in the re-
organized curriculum of the early grades of the Minneapolis public schools.
On the basis of her findings of appropriateness she concluded that the teacher
committee was an acceptable method of curri. lum development.

A list of aerospace principles that are desirable for inclusion in fifth
or sixth grade science programs was developed by Johnson (58) with the help of
scientists at the National Center for Atmosphere Research and the National
Bureau of Standards, science educators, and .lementary science specialists. He
found the development of a plan of study which would include all phases of aero-
space phenomena to be difficult because the relevant principles were drawn from
several fields of science. He found current science textbooks to be poorly
suited as a basis for instruction in aerospace phenomena and indicated the need
for new resource materials.

lixisting science handbooks and curriculum guides were surveyed by Vinci (113)
and Trout (111). They found inadequacies including lack of correlation between
objectives and subject matter, insufficient laboratory activities to teach the
concepts that were included, and a need for improved metliods of orienting
teachers to the use of handbooks. Glaser (42) studied the problem of adapting
the elementary school curriculum to individual performance.

Four studies were concerned with the relationship of industrial arts to
science. Champion (20) found that industrial arts (1) can be implemented in
the elementary school curriculum through integration with other subjects,

(2) provides an effective means for demonstrating the value of other subjects,
and (3) stimulates interest in learning. Similar findings were made by
Pershern (82) and Griffin (45). Ljostad (68) developed a guide for teachers
suggesting industrial arts activities to enrich the teaching of elementary
school science. '

Two theoretical and analytical studies of curricular problems which could
very well have an impact on future developments in elementary science programs
were conducted by Scott (95) and Price (84). Curriculum planning committees
would do well to examine these two studies. Scott (95) analyzed the cognitive
behaviors required by an elementary science curriculum plan, Science - A Process
Approach and established a model for making cognitive analyses of other curric-
ulum proposals. ;

For each activity in this curriculum plan a list was made ?
of cognitive behaviors required of students. Cognitive be- ‘
haviors used were thosce described in Taxonomy of Educational
Objectives.




Bach activity was represcnted in the final analysis by its most
complex cognitive requircment or "top coding." Activities which
could not be given unequivocal codings, because of the variables
of teacher technique and student background, were represented by
their highest possiblce codings. 'The method of analysis was
rational or introspective rather than experimental.

Science - A Process Approach was found to be systematically
progressive. Earlier grade books of this program tend to require
fewer of the more complex cognitive behaviors than later books.
Later grade books tend to have fewer activities with ''top codings"
in lower cognitive categories. When one examines the several
"processes of science" around which the program is organized the
same progressive tendency is found. Five of six primary grade
processes show the tendency. When primary grade processes as a
block are compared with intermediate grade processes as a block
the tendency is found.

Activities requiring cognitive behaviors in the Comprehension
(2.00) and Application (3.00) categories were located in all six
books of the curriculum. Behaviors in Analysis (4.00) catcgories
first appenr in the third book and are uscd thercafter. Synthesis
(5.00) behaviors were found only in books five and six. No in-
stances of Evaluation (6.00) behaviors were found.

The cognitive behavior most frequently used as highest re-
quired one in activities is Interpretation (2.20), a Comprehension
behavior. Other cognitive behaviors required, in order of occur-
rence, are Translation (2.10), Extrapolation (2.30), Application
(3.00), Analysis of Relationships (4.20), Analysis of Elements
(4.10), Analysis of Organizational Principles (4.30), and Produc-
tion of a Plan or Proposed Set of Operations (5.20). ©No instances
were found of the other two Synthesis behaviors as ''top codings."

Differences among cognitive categories were shown with state-
ments from the taxonomy and with examples from curriculum activi-
ties. An attempt was made to identify those behavioral requirements
thai were characteristic of the several cognitive categories. For
example, it was found that activities requiring behavior in the
Analysis (4.00) range characteristically required two distinct Appli-
cation (3.00) behaviors. The distinction between Analysis (4.00)
and Synthesis (5.00) behaviors was found to depend upon the number
of available routes to a problem's solution: one route to the
correct answer is indicative of Analysis: two or more possible
routes to correct answers is indicative of Synthesis.

For four of the eight cognitive categories located in Science -
A Process Approach it was possible to group all instances of the

category into a few basic types. For example, it was found that
all instances of Interpretation (2.20) behavior could be grouped
into these seven types: understanding concepts, understanding rules
and procedures, getting the big picture, making subsets from one
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set, making assessments, drawing conclusions, and comparing
and ordering. (95, pp. 2-3)

Price (84) developed a conceptual framework for the selection and organ-
ization of the subject matter of science for the clementary school science
curriculum. The procedure involved (1) assembling ideas concerning the
structure of knowledge about natural phenomena studied by scientists, (2) as-
sembling ideas about the growth of substantive concepts in elementary age
children, and (3) organizing these facts to form a conceptual framework from
which sound decisions can be made for selecting and organizing the subject
matter of science. Two bodies of literature were reviewed: (1) descriptions
of the phenomena of nature and (2) descriptions of intellectual development
from the point of view of cognitive theorists.

A set of criteria was developed, based on the structure of science
and the characteristics of intellectual growth, to aid the
curriculum planner in selecting and organizing the subject matter. One group
of criteria pertains to the selection of learning experiences to provide the
student with the full scope of the domain of science. A second group of
criteria pertains to the organization of learning experiences to provide for
the optimal matching of experience with intellectual readiness.

The conceptual framework is designed to suggest: (1) the scope of
natural phenomena to be studied, (2) a logical and psychological ordering of
the constructional realm of science, (3) the sequence and general grade level
allocation of learning experiences based on the phenomenal and constructional
aspects of science and characteristics of intellectual growth, and (4) a plan
for integrating ideas about nature into a unified structure of knowledge.

The objective of scientific literacy as related to the media of mass
communication was studied by Koelsche (62). He examined the contents of
2999 science-oriented news items clipped from a sample of 22 newspapers and
nine widely-read magazines over a six month period. Among his findings
are the following. (1) The median level of reading comprehension needed in
order to interpret and understand material in the science articles was on
the eleventh grade level with extremes of grades four and sixteen. (2) Lists
of 693 words and 175 basic science principles were identified which one would
have to understand in order to read the articles with meaning. Scientific
literacy was defined by Koelsche as '--=a level of science education achieved
by people when their backgrounds in science are such that they can understand,
interpret, and interrelate scientific phenomena with facility, and form rele-
vant and independent conclusions from information acquired through the media
of mass communication."

STUDIES RELATED TO THE STATUS OF SCIENCE PROGRAMS

Seven surveys of practices were reported. Of these the nation-wide
study conducted by Blackwood (7) of the U. S. Office of Education was the most
extensive. He distributed a questionnaire to a sample of schools representing
all the elementary schools in the United States to obtain information concerning
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various facets of science teaching practice. Among his findings are the
following: (1) Concerning objectives, 99% of the schools considered de-
velopment of curiousity to be an important objective while at the other
extreme the development of scientists, preparation for high school, and
development of leisure time science activities were considered to be of
little or no importance. (2) Only a few schools reported that no science

at all was taught during the year. The larger the school enrollment, the
larger the percent of schools that taught science more than half a year.

(3) In grades where science was taught by the regular classroom teacher,
scicnce taught as a separate subject and science taught as incidental
science emerged as the patterns that were most common in the upper grades,
with the percent of schools teaching science integrated with other subjects
being the highest in the earliest grades and lowest in the upper grades.

(4) Almost without exception, the median number of minutes of science per
week increased by grade up to grade seven. A small but significant percent
of all schools taught science less than 20 minutes a weck at almost cvery
grade level. A substantial number of schools taught science more than 200
minutes per week in the fifth, sixth, scventh, and eighth grades. (5) A
large proportion of schools did not offer departmentalized science instruction
at any grade level, though the larger the schools, the more prevalent was
departmentalization at some grade level. The larger the administrative

unit enrollmeunt the greater the proportion of schools that were departmenta-
lized. Of all schools, about 157 were departmentalized and 857 were not.
(6) Science was taught most frequently, by far, by the classroom teacher
with no help from a science specialist. Approximately 307 of the schools
having enrollments of 800 and over reported that special science teachers
attached to the central office staff were available for helping teachers.
Television was reported often as the primary source of science teaching.

(7) Of all schools, 41.8% had consultant help in science. (8) Science
textbooks played a key role in determining what content was studied in the
elementary school. They were used more than any other aid in all grades
except kindergarten. (9) About 187% of all schools did not adopt a science
textbook for grades one to three. This figure dropped to 5% for grades

four to eight. Approximately one-fourth of all scliools adopted two or

more science textbooks at every gradce level. ‘The largest school systems
scemed less dependent on single science textbooks than the smaller ones.
(10) Light percent of all schools indicated that the availability of equip-
ment and supplies was very plentiful, 467 generally adequate, and 467
responded that equipment and supplies wére far from adequate or completely
lacking. Nearly half of the schools with enrollment of 49 and under spent
from zero to 20 cents annually per pupil for equipment and supplies and
one=~fifth spent over $1.50 per pupil. About 43% of the schools having
enrollment of 800 and over spent from zero to 20 cents per pupil and 9.27%
spent $1.51 and over. (l1) The most commonly reported barrier to effective
science teaching was lack of adequate consultant service. (12) Nearly two-
thirds of all schools reported that they participated in curriculum devel-
opment and revision at the school systems level. (13) Over 65% of all schools
had college sponsored elementary science course available to teachers.
Nearly 407 of all schools used television and radio programs at local school
level and 357% at the school system level for in-service education in science.
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Based on these findings cight recommendations were offerced by Blackwood
to improve scicnee instruction in clementary schools.

Other surveys of practices in clementary school science instruction were
conducted by Dillon (30), Kenyon (61), Senter (97), Snoble (103), Swan (106),
and thie Wisconsin State Department of Public Instruction (118).

STUDIES RELATED TO EVALUATION

Four studies were concerncd with the development of measuring instrumentse.
Butler (15) developed a test for measuring selected life science concepts of
elementary school children. The content of the test was based on six charac-
teristics of living things: (1) structure, (2) metabolism, (3) growth, (4) re-
production, (5) responsiveness, and (6) adaptation. The test items each consisted
of a plate made up of six pictures. Correct pupil responses to each of the
pictures were interpreted as evidence that the concept has been attained.

Jones (59) developed a test of scientific inquiry, using the tab format,
and analyzed its relationship to sclected student behaviors and abilities.

Finkelstein (37) developed a "reading free' test procedure for the eval-
uation of knowledge and understandings in elementary school scieme in an attempt
to evaluate the achievement of poor readers. The test was presented by means
of color slides accompanied by a taped script which asked the questions and
provided the multiple choice responses. To determine the effectiveness of this
test Finkelstein constructed a parallel test concerning the same content, but
presented by means of printed test booklets. Both tests were administered to a
group of 300 children consisting of above average, average and below average
readers. He found that students in all three reading categories scored signifi-
cantly higher on the reading free test than on the traditional form of the test
with the greatest differences obtained by the below average rcaders. Boys
obtained significantly higher scores on the reading free test than did girls,
but there was no significant difference between boys and girls on the traditional
form of the test. Tinkelstcin concluded that educators must move away from
traditional evaluation procedures which rely heavily upon reading facility. He
suggested that the use of a multisensory testing procedure could establish a
new base for understanding and assessing student achievement.

Lowery (69) developed an attitude measuring ins*rument for science education
which consisted of three individualized projective tests: A word association
test, an apperception test and a sentence completion test. In the appreception
test the subject must supply a meaning and interpretation to a neutral situation
in the form of a drawing. The test was administered to a sample of children and
scored by a jury of experts in science education. Coefficients of reliability
and validity were determined. Lowery concluded that this projective technique
was superior to the usual questionnaires for determining the attitudes of
children concerning science.
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STUDIES RELATED TO LEARNING AND PUPIL CHARACTERISTICS

Twenty-cight studies concerning either patterns of intecllectual growth,
concept formation, cognitive styles or other characteristics of pupils which
' are of significance to science education werc reported. Englemann and Gallagher
(36) studied the Piagetian concept of comservation and its relation to five
and six year old children's concept of the property of liquids. By means of
! an investigator-constructed inventory and the Peabody Picture Vocabulary Test,
the conservation and mental abilities of the children were determined. Non-
conservers were separated into two groups and matched on the basis of mental
ability. The experimental group was given a series of five training sessions
stressing conceptual independence and compensation by means of lessons empha-
sizing observation rather than direct experience. A significant improvement
on the conservation inventory posttest was reported only for the experimental
group. The investigators concluded that properties of liquids related to con-
servation ability can be taught through instruction.

Carlson (18) studied the effects of several styles of instruction on
conservation of substance. More specifically, he was concerned with differ-
ences in conservation ability in children receiving instruction stressing

. verbal mediators and direct action versus observation of a demonstration. In
carrying out the study four experimental conditions were established: (1) High
verbal-demonstration; (2) high verbal-direct activity; (3) minimal verbal-demon-
stration; and (4) minimum verbal-direct activity. All children were given two,
twenty-minute training sessions. A control group had no training. Following
the training sessions, all children were given a fifteen item criterion measure
based on material similar to that used in the training sessions. It was found
that all experimental groups out performed the control group on the criterion
measure. 1In addition it was found that children receiving highly verbal in-
struction scored significantly higher than children receiving minimal verbal
instruction. Carlson concluded that (1) providing children with verbal rules
and verbal mediators is an effective method of instruction and (2) direct
experience is not more efficacious than demonstration techniques.

Gunnels (46) set out to discover whether inferences that students in grades
four through nine draw from science tests corresponded to the three-stage dev-
elopment of reasoning postulated by Piaget. He further compared instances of
the three levels of thinking by grades. Children were classified as successful
problem solvers or unsuccessful problem solvers by means of & pretest. These
children were then presented individually with seven science problem situations
and interviewed to determine the various problem solving procedures employed
by children of different grade levels and ostensibly different positions on
Piaget's developmental hierarchy. It was found that the older a student is,
the higher his mental age, and the higher the actual grade level of a pupil,
the more likely is he to use the formal level of operational thought in
solving science problems.

Phillips (83) studied the acquisition of the concept of displacement
volume by means of conservation tasks and found a predictable sequential order
of attainment as well as significant differences in task attainment between
grade levels. No significant differences resulted when material objects were
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presented directly or when graphic representations of those objects were
presented to the experimental subjects.

Dyrli (32) investigated the effect of systematic and specific references
to methodological and logical elements in the behavior of the individual on
? . the development of combinatorial operational skills. It was found that the
combinatorial skills of students who were theoretically in a transition
period between concrete and formal operations could be improved significantly.
On the other hand, instruction in combinatorial strategy did not appear to
accelerate the skills beyond that which was observed to occur without treatment.

! Allen (1) used the Piaget-Kofsky 11 item classification hierarchy to

; compare the classification ability of students exposed to the Science Curriculum
lmprovement Study and students in a control group who lacked such exposure. No
! significant difference in performance, either qualitative or quantitative was

! detected.

Thier (109) evaluated the effect of the first grade science unit Material

Objects as developed by the Science Curriculum Improvement Study on a group
of first grade children. He compared responses of children who studied this
unit to those children who did not study it. He asked questions related to

i v the stated objectives of the unit and additional questions attempting to

i elicit the children's general understanding of the concept: matter. 1In

; general, children who studied the unit were superior in their ability to

§ describe objects by their properties; they were able to report a greater number
of similarities and differences between objects; and they werc better able to
observe an experiment and use their observations to describe what happened than
were children in the control group. There were no differences between the two
groups of children in their ability to describe an experiment that could pro-
vide theoretical information about observed phenomena.

Stauss (105) investigated the relationship between concept attaimment and
level of maturity. The main focus of the study was to identify the concepts
included in the conceptual scheme, the biological cell, and determine the grade
level at which each concept was most appropriate (grades two through six).

Three levels of understanding, knowledge, comprehension, and application,
were used to design an achievement test for determining the grade placement of
the eleven biological concepts selected. In a similar study, Haddad (47)
identified concepts within the conceptual scheme of relativity and attempted
to determine the relationship between levels of understanding of these concepts
among pupils in grades four through eight. Using a self-prepared evaluative
instrument designed to test the child's achievement on 29 relativity concepts,
the investigator identified a hierarchy of concepts and determined achievement

‘ in them to be a function of the maturity of the child. No hierarchy was indicated
by levels of achievement of children in different grades between the three basic
units: classical, general, and special relativity.

Helgeson (53) studied the relationship between the concepts of force
attained by children and their level of maturity as indicated by grade levels.
Concepts that make up the conceptual scheme, force, were identified and children
in grades two through six were given training sessions, then tested to deter-
mine an appropriate hierarchy for presenting the eight concepts. It was found




that maturity as indicated by grade level was a factor in determining a child's
success for each of the eight concepts.

Carev (17) investigated the relationship between levels of maturity and
levels of understanding of the particle nature of matter. As in cach of the
three previous studies, concepts within the conceptual scheme were determined
and a hierarchy for presentation of concepts based on children's level of achieve-
ment of each concept was developed.

Brusini (14) studied the ability of children at different grade levels to
develop and form an abstract science concept that requires the recognition of
a continuum. Children from grades three through eight were tested for their
ability to form the geologic concept known as the cycle of stream erosion. It
was found that the ability to form a scicnce concept which requires the recog-
nition of a continuum is highly associatced with the amount of direction given
a child and to a lesser degree with both chronological and mental age.

Dennis (28) cexperimented with the grade placement of concepts using
kinetic molecular theory as the subject matter. He presented a series of scicnce
lessons on aspects of kinetic molecular theory of matter to approximately 200
children in grades two through six. He found that these concepts could not be
taught e¢ffectively to children having less than third grade mental ability.

Harris and Lee (49) conducted a pilot study relating to science concepts
and mental age. Menefee (73) and Lown (71) studied factors related to the
use of scientific instruments by elementary school pupils. Lipson (67) investi-
gated the concepts of light understood by elementary school pupils and college

freshmen.

Three studies related to cognitive styles were reported during the giriod
covered in this report. Cunningham (26) studied the relative predisposition
of children to be inflexible, especially when confronted with open-ended situa-
tions. Einstellung, or the 'susceptibility to set," appeared to play an im-
portant role in the success or failure of inquiry laboratory activities. An
inverse relationship was found between age and susceptibility to set.

Schulz (94) studied the effect of advance organizers, as defined by
Ausubel, on the learning of meaningful matcerial. In particular, the principle
of conservation of energy was used as an advanced organizer in a science unit
developed for sixth grade children. Although evidence was inconclusive, it
appeared that advance organizers facilitated learning among pupils who lacked
the processing skills necessary to reorganize information independently.

Scott (96) investigated the relationship between a strategy of inquiry
and styvles of categorization by working with three hundred children in grades
four, five and six. They were taught a series of 15 science concepts, five at
2ach grade level. Half of the children were taught by means of the Detroit
Inquiry process and the other half were taught by conventional methods. At
the end of the year all of the children were given a '"Styles of Categorization
Task." It was found that in grade four the inquiry groups were less inclined
to categorize pictures of familiar objects on the basis of use, or function,
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than were children who were taught conventionally. 1In grade five, girls were
more able than boys to shift stimuli and methods of categorization. Within
grade six, the conventionally taught children provided more functional labels,
whereas the inquiry groups classified familiar items on the basis of manifest
details and inferred attributes more so than did the conventionally taught
pupils. It was found also that the inquiry pupils were more flexible in their
classification behavior than were those children taught conventionally.

Six studies were reviewed that were concerned with the development of a
particular intellectual skill. Edwards (35) constructed lessons in science
designed to facilitate instruction of the predetermined skills of observation,
classification, data treatment, and measurement. Upon completion of the series
of lessons a random sampling of children were tested to determine whether or
not they had made significant gains towards meeting the objectives of the
study. It was fourd that the lessons were effective in helping kindergarten
children develop the selected intellectual skills considered pait of the
scientific endeavor.

Butts and Jones (16) identified factors related to changes in children's
problem solving behaviors. The investigators then provided inquiry training
for a group of sixth-grade children. An inventory of science processes related
to problem sclving was prepared and administered tc the training group and a
control group. A significant relationship between inquiry training and problem
solving ability was observed. No relationship between inquiry training and
concept transfer or recall of actual information was observed.

Nasca (75) studied the effect of various presentations of laboratory ex-
ercises using programmed materials on specific intellectual factors of scientific
problem solving behavior. His major conclusion was that active participation
in experiments supporting scientific principles was superior for development
of at least one phase of non-verbal problem solving ability. No such superiority
of method was found when verbal abilities were measured. Nasca suggests that
this project '"demonstrated the feasibility of developing unifactor test instru-
ments for the purpose of detecting precisely how limited variables in educational
experiences effect student behavior."

A number. of studies on the characteristics of children and the relationship
of these characteristics to science teaching appears in the current literature.
Attitudes and interests of children in various grades and the effects of socio-
economic level on success in science make up the kinds of studies reported.
Lowery (70) studied changes in attitudes of children exposed to new curriculum
materials and relationships between attitude changes and socio-economic status.
It was found that higher "area" children held a more positive attitude toward
science. In addition, exposure to the materials of a new science curriculum
project caused a positive change in attitude toward science. Smith (102) in-
vestigated differences in the capacities of children from varying socio-economic
levels to comprehend selected physical science concepts. It was found that
pupils in low socio-economic groups scored significantly lower than children .
in high socio-economic groups. Rowland (90) compared the science achievement !
of sixth grade children of high socio-economic status. He found that given 1
equal intelligence and equal science background experiences higher socio- {
economic status pupils exhibit greater science achievement than do lower socio- 4
economic status pupils.
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Raun (87) investigated the problem of changes in cognitive and affective
benavior of children given cxpericnce with the strategies of inquiry. No
significant relaticnship between strategies of inquiry and attitude toward
science was observed in this study. ‘Two other studies dealing with children's
attitudes and interests toward elementary science were reported by Perrodin
(80, 81).

COMMENTARY

While the quantity of studices has increasced greatly in recent years the
improvement in the quality and general usefulness of the rescarch has not kept
nace. Several factors continue to make it difficult for reviewers to draw
meaningful gencralizations from large groups of studies. The most important
of these is the lack of a precise language of science c¢ducation. When different
investigators use such terms as concept, attitude, process, inquiry, discovery,
critical thinking, problem solving, ctc. it is almost always the case that they
employ them with different meanings. Until there is a commonly accepted lan-
guage it will remain difficult for science cducators to establish general
principles for science instruction.

Closely related to this lack of a common language is the global nature of
the variables which have been the concern of many investigators. Too many
continue to study such problems as the "new" method versus the "traditional"
method, and demonstrations versus laboratory activities. Experimental studies
often involve trcatments carried on over relatively brief periods on experimental
and control groups which are not representative of generally familiar populationm.

I'inally, the value of data derived from investigator-produced measuring
instruments are often of questionable value. In many cases these instruments
are hastily constructed and cvaluated because they are to be used to measure
some variable which is under investigation. Actually, the identification of
an important variable and the development of an instrument to measure it are
of such value that this alone can constitute a doctoral study. Too many per-
sons are trying to do too many things in one investigation with the result
that none of them arc done well.

These comments are not aimed particularly at the scholars whose works have
been reviewed in this article. The fact that these difficulties continue to
plague us is evidence that science education is not yet a very mature science.

It is dependent for its concepts and theories upon other fields such as psycho-
logy, philosophy, and sociology as well as the natural sciences. Lach of these
embody differing schools of thought and exist in differing stages of development.

Perhaps one step towards ameiorating this state of affairs would be the
conducting of large scale investigations by coordinated teams of researchers
over longer periods of time than are studied at present. But these are exactly
the type of studies that would be impractical for doctoral candidates mless
there were coordination of the efforts of numerous university staffs. Certainly
there seems to be an unfulfilled role here for the National Association for
Research in Scicnce Teaching.
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